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(54) AQUEOUS SOLVENT-CONTAINING CERAMIC SLURRY COMPOSITION FOR ELECTRONIC PART AND 
PRODUCTION OF GREEN SHEET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a smooth and stable, high- 
quality ceramic green sheet with uniform and thin thickness, free from 
defects such as cracks, fissures and pinholes and useful for electronic 
parts by using water as solvent without causing cracks during its drying. 
SOLUTION: This high-quality ceramic green sheet 7 is produced by the 
following process: first, a ceramic slurry comprising a water-soluble 
binder, plasticizer, dispersant, defoaming agent, ceramic material 
powder and water is prepared; from the slurry, a microbubble-free 
slurry 6 is extracted by using a centrifugal-type vacuum agitation 
deaerator and then made into a sheet form; subsequently, using doctor 
blade method, radiant heat from a heat-radiative aluminum plate 5 is 
concentrated at the central part of the sheet on the entrance 2a of a 
drying chamber to dry the sheet from its central part by the aid of a 
plurality of partition plates 3 (a, b, c, d) each provided with draft holes, 
and hot air flow is rendered unidirectional from the entrance 2a to the 
exit 2e for the slurry so as to gradually drop the temperature of the hot 
air and thereby the sheet is dried, thus forming the objective green 
sheet 7 free from defects including cracks, fissures and pinholes. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The ceramic slurry constituent for electronic parts which consists of water 10 - 30wt% of within the limits defoaming agent 
0.5 - 5wt% dispersant 2 - 20wt% plasticizer 3 - 40wt% water-soluble binder 20 - 65wt%, and consists of the solvent of the drainage 
system characterized by adjusting ceramic slurry viscosity within the limits of 20-45 (dPas) to the ceramic raw material powder 100 in 
within the limits whose mean particle diameter is 0. 1 -1 .5 micrometers. 

[Claim 2] The acrylic polymer which is a water soluble polymer compound as a water-soluble binder, or the ceramic slurry constituent 
for electronic parts which consists of the solvent of the drainage system according to claim 1 characterized by using polyvinyl alcohol. 

[Claim 3] The manufacture approach of the green sheet which performs distributed processing first by high-speed rotation mixing of 
40 - 80rpm within the limits, subsequently processes by low-speed rotation mixing of 10 - 38rpm within the limits, subsequently 
carries out centrifugal-force mold vacuum mixing degassing as viscosity control in the ceramic slurry constituent for electronic parts, 
and is characterized by passing a screen after that. 

[Claim 4] In between the paths to which said desiccation made flow of hot blast the one direction of the inlet-port section to the outlet 
section of a slurry in desiccation of the green sheet which consists of the solvent of a drainage system Install an aluminum heat sink in 
the beginning between said paths, and two or more drying room is prepared with the diaphragm of the metal which subsequently has a 
ventilating hole. The manufacture approach of a green sheet that the temperature of said drying room is missing from the outlet section 
from the inlet-port section of a slurry, and temperature of 50-60 degrees C and pars intermedia is characterized by being adjusted to 
the temperature gradient whose temperature of 30-60 degrees C and the outlet section is 30-40 degrees C by the temperature of the 
inlet-port section. 

[Claim 5] It is the manufacture approach of the green sheet according to claim 4 characterized by for said diaphragm having consisted 
of aluminum, copper, one stainless sort, or two sorts or more in the metaled diaphragm, and preparing two or more ventilating holes. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the general drawing showing the doctor blade equipment by the gestalt of 1 operation of this invention. 
[Drawing 2] It is the expanded sectional view showing the aluminum heat sink of the drying-room 2a section of the doctor blade 
equipment by the gestalt of 1 operation of this invention. 

Prawing 3] It is the expanded sectional view showing metal diaphragm 3a which divides each drying room of the doctor blade 
equipment by the gestalt of 1 operation of this invention. 

Prawing 4] It is the expanded sectional view showing metal diaphragm 3b which divides each drying room of the doctor blade 
equipment by the gestalt of 1 operation of this invention. 

Prawing 5] It is the expanded sectional view showing metal diaphragm 3c which divides each drying room of the doctor blade 
equipment by the gestalt of 1 operation of this invention. 

Prawing 6] It is the expanded sectional view showing 3d of metal diaphragms with which each drying room of the doctor blade 
equipment by the gestalt of 1 operation of this invention is divided, 
pescription of Notations] 

1 Doctor Blade Equipment 

2 Drying Room (... 2a, 2b, 2C, 2D and 2E, with Thermometer) 

3 Metal Diaphragm (3a, 3B, 3C, 3D) 

4 Nichrome Wire Heater 

5 Aluminum Heat Sink 

6 Slurry 

7 Green Sheet 

8 Blade 

9 Carrier Film 
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* notices ♦ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the ceramic slurry constituent for electronic parts used 
for laminating ceramics, such as a Media Interface Connector (microwave integrated circuit) substrate for electronic parts, and a 
multilayer ceramic substrate, a multilayer ceramic capacitor, a laminating ceramic varistor, a laminating piezoelectric device, a 
laminating coil inductor, etc., and a green sheet. 
[0002] 

[Description of the Prior Art] Generally, the electronic-circuitry substrate of the multilayer interconnection which used the ceramics or 
a glass ingredient is used for electronic equipment Moreover, also in various information communication equipment, in order to attain 
diversification and high integration, the multi chip module using the ceramic multilayer substrate which makes an alumina a subject is 
applied as an electronic-circuitry substrate. 

[0003] Furthermore, the ceramic chip capacitor etc. is used for various electronic instruments as a micro multilayer form passive 
element. Each of these ceramic multilayer form electronic parts is usually manufactured by the approach of calling sheet laminated 
layers method which accumulates and sinters the green sheet which wired by formation of the electric conduction film. 
[0004] These green sheets The organic solvent and ceramic raw material powder as a solvent, The organic polymeric materials for 
fixing ceramic raw material powder (henceforth a binder), It consists of a little plasticizer added in order to give flexibility to a green 
sheet if needed. The liquefied mixture which added the dispersant if needed [ a solvent and if needed ] for dissolving an organic 
macromolecule in the mixture of ceramic powder, organic polymeric materials, and a plasticizer Continuation coating of (calling it a 
slurry hereafter) is carried out on a band-like carrier film with a doctor blade method, and it dries, and volatilization removal of the 
organic solvent is carried out, and it is cast 

[0005] As ceramic powder, according to the electric and thermal property demanded as a substrate ingredient, independent or mixture 
of ceramics, such as an alumina, a mullite, or barium titanate, various kinds of glass powder, or other inorganic powder etc. is used, 
and poly butyl butyral resin is used abundantly as a binder, and various organic solvents, such as butyl alcohol, a methyl ethyl ketone, 
and tetrachloroethylene, are usually used as a solvent of this resin. 

[0006] However, the conventional technique which uses a lot of such organic solvents or chlorine-based organic solvents has the 
trouble that the use is harmful and includes danger, such as environmental pollution, a fire, and explosion, to the body. 
[0007] Development of the technique which the requests of the drainage system slurry which does not use an organic solvent are 
mounting also from the field of environmental pollution in recent years, changes to the conventional organic polymeric materials 
dissolved only in the above-mentioned organic solvent, creates a slurry by using water as a solvent, using as a binder the acrylic resin 
reformed so mat it might dissolve in water, and casts a green sheet is furthered. 

[0008] However, as compared with the case where a binder conventional organic solvent meltable type is used in continuation 

desiccation of the slurry at the time of manufacture of the green sheet which uses aqueous-ized acrylic resin as the binder of ceramic 

powder, it was easy to produce a crack in the flow direction of a sheet, and the technique which uses this water as a solvent broke by 

fluctuation of desiccation conditions, and had the trouble that poor sheet molding, such as a crack, occurred frequently. 

[0009] Moreover, the technique indicated by JP,2-307861,A, JP,5-319893A> JP,8-310870,A, JP,9-29718,A, etc. is known as the 

binder for green sheets which uses water as a solvent, and a conventional technique about green sheet manufacture. 

[0010] 

[Problem(s) to be Solved by the Invention] However, if it was in JP,5-3 19893,A indicated above, as the contents, it was the 
desiccation approach of the cure against a crack of the flow direction of a sheet, and was the approach of controlling the temperature of 
hot blast so that the rate of drying of the solvent of a center section becomes to the cross direction of a sheet earlier than the both-sides 
section. 

[001 1] However, before a binder solidifies, hot blast is sprayed and the trouble that the thickness nonuniformity by flapping will arise 
on a sheet if a slurry lenticulates and it dries as it is, and a crack arises owing to it occurs by this approach. 

[0012] Moreover, if it was in said JP,8-310870,A, it was what limits volume solid content ratios, such as ceramic powder, a water- 
soluble binder, and water, and offers a green sheet without a defect by the approach as the contents. 

[0013] However, there is no degassing approach, and a bubble does not disappear from the lack of degassing, but it is possible that 
many bubbles, a pinhole, a crack, etc. occur on a sheet front face with these contents. 

[0014] Moreover, if it is in said JP,9-29718,A, as a water-soluble binder, an acrylic polymer is used, and the green sheet of a thin layer 
without the defect of a pinhole etc. is cast, and especially desiccation is processed at comparatively high temperature, and is creating 
the very stable green sheet. 

[0015] however, by the desiccation approach of the green sheet constituent only known conventionally, using a water-soluble acrylic 
polymer as a solvent The green sheet of a drainage system is stabilized and is not obtained, but since desiccation conditions are very 
important factors If these were not canceled, many troubles of a crack, a pinhole, etc. were included in the green sheet, and it had the 
trouble that it was difficult to obtain the thing of the quality stabilized especially in productivity, and especially the yield of sheet 
manufacture fell sharply. 

[0016] Moreover, if it is in the above-mentioned official report, grinding mixing, the degassing approach, etc. are not indicated, but if 
these processes cannot be found, the powder condensation and lump by the lack of distributed of powder exist, and the pinhole by 
generating of a micro bubble exists, and the quality green sheet has the trouble of not being obtained. 

[0017] Then, the purpose of this invention can solve the trouble of the conventional technique which was mentioned above, can 
establish the desiccation conditions which are the most important process in the manufacture approach of the ceramic green sheet for 
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electronic parts which uses water as a solvent, and can cast a stable green sheet 

[0018] Consequently, it is divided at the time of desiccation and a crack etc. is not generated, and it aims at offering the manufacture 
approach of the ceramic slurry constituent for electronic parts which thickness is thin, and is uniform and does not have the defect of a 
pinhole etc., and a green sheet, without making distortion inherent in the interior of the cast sheet. 
[0019] 

[Means for Solving the Problem] It is the constituent with which the ceramic slurry constituent for electronic parts of this invention 
consisted of the defined presentation ratio with a water-soluble binder, a plasticizer, a dispersant, a defoaming agent, and water to the 
small ceramic raw material powder with which particle diameter was defined in order to attain the above-mentioned purpose, and 
ceramic slurry viscosity was adjusted within the optimal limits. 

[0020] And it sets to the molding approach of the green sheet using these. As the adjustment approach of viscosity, it rotation-mixing 
[ high-speed ]-processes, and it ranks second and slurries, such as low-speed rotation mixing processing and also the centrifugal-force 
mold vacuum mixing degassing approach, and screen processing, are adjusted. After that as the sheet desiccation approach In between 
the paths of the drying room in which the metal plate which has two or more ventilating holes was formed, and also the inlet-port 
section to the outlet section of a slurry Twist [ the green sheet which consists of the solvent of a drainage system by using the approach 
which installed the heat sink which used radiant heat for the beginning between the path is obtained, consequently / the defect of a 
crack, a cracking crack, a pinhole, etc. ] on a sheet and are smooth. And it makes it possible to manufacture the stable quality ceramic 
green sheet for electronic parts. 
[0021] 

[Embodiment of the Invention] As opposed to the ceramic raw material powder 100 which invention of this invention according to 
claim 1 has in within the limits whose mean particle diameter is 0.1-1.5 micrometers Water-soluble binder 20 - 65wt%, plasticizer 3 - 
40wt%, dispersant 2 - 20wt%, It is what was constituted with the ceramic slurry constituent for electronic parts with which it consisted 
of water 10 - 30wt% of within the limits defoaming agent 0.5 - 5wt%, and ceramic slurry viscosity was adjusted within the limits of 
20-45 (dPas). By using the ceramic raw material powder within the limits whose mean particle diameter is 0.1-1 .5 micrometers, it 
becomes raw material powder with the operation effectiveness that the green sheet of the quality sheet metal which was smooth and 
was stabilized without the defect of a crack, a cracking crack, a pinhole, etc. is obtained. 

[0022] Moreover, the water-soluble binder within the defined limits has the operation which gives reinforcement to a green sheet 
[0023] Moreover, the plasticizer within the defined limits has the role which lowers the softening temperature of the giant-molecule 
system binder in a moldings, and has the operation which gives rheology nature and gives plasticity and flexibility. 
[0024] Moreover, the dispersant within the defined limits controls the surface charge of PH or a particle, and has the operation which 
makes a primary particle distribute raw material powder. 

[0025] Moreover, the defoaming agent within the defined limits has the operation effectiveness of erasing the bubble in a water-fine- 
particles-organic material. 

[0026] Moreover, the water within the defined limits has the operation as a solvent for carrying out distributed mixing of these various 
drugs at homogeneity. 

[0027] and the thing for which the viscosity of a ceramic slurry is adjusted — a film plane — thin — homogeneity — and stability -- 
moreover, it is divided and has an operation of stabilization of the workability for carrying out coating without the defect of a crack, a 
pinhole, etc. There is an operation which creates the green sheet by which the drainage system was stabilized by making it the adjusted 
slurry which includes these conditions in each. 

[0028] Invention of this invention according to claim 2 was constituted by using the acrylic polymer which is a water soluble polymer 
compound, or polyvinyl alcohol as a water-soluble binder, and an acrylic polymer is meltable in water, and it has the operation 
effectiveness that ash content hardly remains in order to carry out the pyrolysis stabilized also at the time of baking. 
[0029] In addition, the residual of ash content is a bad cause child who degrades dielectric characteristics especially in the ceramics for 
electronic parts, the loss in a RF band is very small, that is, that ash content does not remain has an operation that Q (Wtandelta) 
which is one of the dielectric characteristics becomes high. 

[0030] Moreover, the adhesive property over raw material powder and the toughness of polyvinyl alcohol of a coat are large, a 
pyrolysis is loose, and generation of heat does not take place explosively at a stretch, but it has an operation that reinforcement 
increases by little addition. 

[0031] By using these water solubility binder, a green sheet is tough, it is soft, there are no defects, such as a crack, and sheet molding 
has the operation as a cheap and stably reusable binder. 

[0032] Invention of this invention according to claim 3 performs distributed processing first as viscosity control in the ceramic slurry 
constituent for electronic parts by high-speed rotation mixing of 40 - 80rpm within the limits. Subsequently It is what was constituted 
by down stream processing which it processes [ down stream processing ] by low-speed rotation mixing of 10 - 38rpm within the 
limits, and centrifugal-force mold vacuum mixing degassing is subsequently carried out [ down stream processing ], and passes a 
screen after that There is an operation which makes particle diameter homogeneity small by grinding powder by high-speed rotation 
mixing, and performing distributed processing as viscosity control. 

[0033] Subsequently, there is an operation of defoaming which erases a big bubble by low-speed rotation mixing. Furthermore, in 
centrifugal-force mold vacuum mixing degassing, there is an operation of defoaming which erases a micro bubble for a short time. 
Moreover, there is an operation which removes a foreign matter, a congelation, and a lump by letting a screen pass. 
[0034] By giving down stream processing of these single strings, there is an operation which creates a quality green sheet without the 
defect of a crack, a cracking crack, a pinhole, etc. 

[0035] In desiccation of the green sheet with which invention of this invention according to claim 4 consists of the solvent of a 
drainage system In between the paths to which said desiccation made flow of hot blast the one direction of the inlet-port section to the 
outlet section of a slurry Install an aluminum heat sink in the beginning between said paths, and two or more drying room is prepared 
with the diaphragm of the metal which subsequently has a ventilating hole. The temperature of said drying room is missing from the 
outlet section from the inlet-port section of a slurry, and the temperature of the inlet-port section is what was constituted by 50-60 
degrees C and the process which the temperature of pars intermedia gave the temperature gradient whose temperature of 30-60 degrees 
C and the outlet section is 30-40 degrees C. Installing an aluminum heat sink between the paths which made flow of hot blast the one 
direction from the slurry inlet-port section to the outlet section shelters itself from **** of hot blast, and it has a transfer operation of 
the heat by radiant heat. Moreover, two or more drying room which has a metaled diaphragm is prepared, and there is an operation 
which it is not divided [ operation ] and makes homogeneity dry a green sheet by giving the temperature gradient of desiccation. 
[0036] It tells heat at homogeneity that invention of this invention according to claim 5 was constituted by the structure which said 
diaphragm consisted of aluminum, copper, one stainless sort, or two sorts or more in the metaled diaphragm, and prepared two or more 
ventilating holes, and uses aluminum, copper, and stainless steel as a diaphragm to a green sheet, and it has the heat-conduction 



ht^://www4apdLncipi.gojp/cgi-biix/tran_web__cgi__ejje 9/27/2005 



JP,2000-335971,A [DETAILED DESCRIPTION] 



Page 3 of 8 



operation for drying homogeneity. 

[0037] As mentioned above, according to the manufacture approach of the green sheet which used the water-soluble binder of this 
invention, compared with the green sheet which used the conventional organic solvent, all troubles, such as an environmental problem 
at the time of an explosion-proof large sum facility and organic solvent washing and effect on the body, are solvable. 
[0038] Moreover, the crack at the time of desiccation with the conventional technique and the trouble of the punching nature by 
hardening of the green sheet after desiccation are also solvable. By this, it is smooth and the stable quality green sheet without the 
defect of a crack, a cracking crack, a pinhole, etc. can be produced. 

[0039] Hereafter, the gestalt of operation of this invention is explained using drawing 1 - drawing 6 , and Table 1 - 8. In addition, * 
mark is given to an example out of range in Table 1 - 8, and in O in an item of evaluation, fitness and O mean good and x means a 
defect. 

[0040] Drawing 1 shows the general drawing of the doctor blade equipment in the gestalt of 1 operation. In drawing 1 , 2 (a, b, c, d, e) 
is the drying room for drying a green sheet gradually, and consists of the structures covered by the metaled diaphragm. Moreover, die 
thermometer is formed in each part store, (not shown) 

Moreover, 3 (a, b, c, d) is for changing thermal conductivity, and consists of aluminum, copper, and a stainless diaphragm. 
[0041] Moreover, 4 heats an aluminum heat sink soon by hot blast, and consists of nichrome wire heaters. 
[0042] Moreover, 5 transmits heat with radiant heat and consists of aluminum heat sinks. 
[0043] Moreover, 6 shows a slurry and 7 shows a green sheet. 

[0044] Moreover, 8 is for it being thin and carrying out coating of the green sheet to homogeneity, and stainless steel and the edge of a 
blade are blades by which the body is constituted from a superhard ingredient. 

[0045] Moreover, 9 is thin and carries out coating of the green sheet to homogeneity, and after desiccation is for making exfoliation 
from a film easy for a green sheet, and consists of carrier films which coated the front face with silicon. 

[0046] Moreover, being cast by uniform thickness with a blade 8 and the carrier film 9, it passes along drying-room 2a from the inlet- 
port section, and dries gradually with 2b, and 2c, 2d and 2e, and the slurry 6 adjusted within suitable limits in slurry viscosity becomes 
a green sheet 7, and is left to the outlet section. 

[0047] Moreover, in 2a sections, by spraying the hot blast from the nichrome wire heater 4 on the aluminum heat sink 5, hot blast is 
changed to radiant heat and a sheet is dried with radiant heat Moreover, a part of hot blast passes diaphragms 3a, 3b, 3c, and 3d, and it 
passes 2in drying room a, 2b, and 2c, 2d and 2e, reducing temperature gradually, and flows to the one direction from the inlet-port 
section to the outlet section. 

[0048] Drawing 2 shows the expanded sectional view of the aluminum heat sink of the drying-room 2a section in the doctor blade 
equipment in the gestalt of 1 operation. In drawing 2 , 5 transmits the hot blast from the nichrome wire heater 4 with radiant heat, dries 
a sheet from a center section, and consists of aluminum heat sinks. 

[0049] Drawing 3 - drawing 6 show the expanded sectional view of the metal diaphragm 3 (a, b, c, d) which divides the inside of each 
drying room of the doctor blade equipment in the gestalt of 1 operation. In drawing 3 - drawing 6 , 3a, 3b, 3c, and 3d, thermal 
conductivity is changed and it consists of aluminum which has two or more ventilating holes, copper, and a stainless diaphragm. 
[0050] In addition, although the above-mentioned example showed the doctor blade method which consisted of dry rooms with the 
diaphragm of the metal which has two or more ventilating holes, it can carry out similarly about other roll coaters and the reverse roll 
method. Moreover, good effectiveness is acquired even if it is which configuration, if holes, such as a round head, a trigonum, and a 
rectangular head, are also opening the configuration of a ventilating hole. And they can change combination with the thickness which 
a green sheet demands, and a hole site and magnitude, a configuration, etc. can cast a green sheet without the defect of a crack, a 
cracking crack, a pinhole, etc. by establishing two or more holes in a center section, especially when it is a thick green sheet. 
[0051] 

[Example] Next, an example of the example in this invention is given and explained. 
[0052] How to make the slurry constituent in example 1 this invention is explained. 

[0053] How to arrange the particle diameter of introduction and the ceramic raw material powder for electronic parts, and in order to 

make, to grind primarily using a ball mill, attritor, etc., using the dielectric materials of for example, a barium titanate system as a 

direction and to arrange a particle after that, ceramic raw material powder was created with the hydraulic elutriation method. 

[0054] Here, the sintering surface state of the ceramics made to sinter using the mean particle diameter of raw material powder and it 

which are used by this invention is shown in Table 1 . 

[0055] 
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If powdered mean particle diameter is set to 1 .6 micrometers or more (sample No. 1) so that clearly also from Table 1 , each crystal 
grain child after sintering will be coarse, a thing 1 0 micrometers or more will exist, and pinholes will occur frequently. Moreover, 
conversely, in less than (sample No.5) 0. 1 micrometers, powder condensation tends to take place and a pinhole occurs from the lack of 
distributed of powder. 

[0056] Therefore, the crystal grain child of the sintered ceramics was able to get the quality (less than [ surface roughness 
Ra:0.4micrometer ]) ceramics with which a set and a pinhole hardly exist 3-8-micrometer order by using the raw material powder in 
within the limits (sample No.2-4) whose mean particle diameter of the powder to be used is 0.1-1.5 micrometers. By the sample of 0.5- 
1 .0, there was no pinhole together with 5 micrometers, and it is remarkably [ as Ra:0.2micrometer ] small, and it was [ the crystal grain 
child of surface roughness / the mean particle diameter of the raw material powder of sample No.3 was stable, and ] especially good. 
[0057] Next, wet blending of a water-soluble binder (acrylic form polymer 50%: polyvinyl alcohol 50% ratio), a plasticizer, a 
dispersant, and the water was carried out by high-speed rotation mixing to the ceramic raw material powder of the above-mentioned 
publication for 24 hours using the ball mill by the predetermined ratio. Subsequently, the defoaming agent was added, foaming was 
suppressed by low-speed rotation mixing, the slurry was taken out, and viscosity was measured by the Brookfield viscometer. After 
being adjusted to the optimal slurry viscosity, it processed for 10 minutes with the centrifugal-force mold vacuum mixing degassing 
machine, degassing of the micro bubble was carried out, and the slurry for green sheets was created. 

[0058] The manufacture approach (doctor blade method) of the green sheet in an example 2, next this invention is explained. 
[0059] Coating is carried out with doctor blade equipment as shows the slurry adjusted within the optimal limits in slurry viscosity as 
mentioned above to drawing 1 . It passes along drying-room 2a from the inlet-port section, and dries gradually with 2b, and 2c, 2d and 
2e, and the approach becomes a green sheet 7, while uniform thickness casts the slurry 6 in drawing 1 with a blade 8 and the carrier 
film 9. 

[0060] In that case, by being divided with flapping prevention of a sheet and spraying the hot blast from the nichrome wire heater 4 on 
the aluminum heat sink 5 in 2a sections for a cure, hot blast is changed to radiant heat and a green sheet is dried with radiant heat. And 
a part of hot blast passes through two or more diaphragms [ 3a, 3b, 3c, and 3d ] holes, and it passes 2in drying room a, 2b, and 2c, 2d 
and 2e, reducing temperature gradually, and has become the structure which flows to the one direction from the inlet-port section to 
the outlet section. 

[0061] Here, to the raw material powder 100 whose mean particle diameter is 0.5-1.0 micrometers, defoaming agent 0 - 6wt%, the rate 
of a slurry presentation was changed by water 8 - 32wt% of within the limits, and created the slurry dispersant 1 - 22wt% plasticizer 2 
- 42wt% binder 15 - 70wt%. (The green sheet creation procedure of an example 1 was followed.) Next, the surface state of the green 
sheet in which coating speed carried out coating by part for 6-8cm/on the carrier film and which was dried at drying-room 2a (58 
degrees C) of drawing 1 , 2b (56 degrees C), and the temperature of 2c (54 degrees C), 2d (44 degrees C), and 2e (31 degrees C) was 
evaluated. These results are shown in Tables 2-8. 

[0062] In Table 2, it evaluated about the viscosity and the sheet condition at the time of changing the amount of binders (other 

amounts of assistants being fixed). 

[0063] 



No. 


»*<g> 


<wt%) 


(wt%> 


5»*J 
Cwt%> 


(wt%) 




(dPas) 






m 


100 


| 15 


5 


3 


1 


20 


15 




X 


2 


100 


20 


5 


3 


1 


20 


20 




O 


3 


100 


25 


5 


3 


1 


20 


23 




O 


4 


100 


30 


5 


3 


1 


20 


25 




© 


5 


100 


35 


5 


3 


1 


20 


28 






6 


100 


40 


5 


3 


1 


20 


30 




© 


7 


100 


45 


5 


3 


1 


20 


33 




© 


8 


100 


50 


5 


3 


1 


20 


36 




© 


9 


100 


55 


5 


3 


1 


20 


39 




O 


10 


100 


60 


5 


3 


1 


20 


42 




o 


11 


100 


65 


5 


3 


1 


20 


45 




o 


5*12 


100 


70 


5 


3 


1 


20 


48 




X 



According to this, the amount of binders set at 15wt(s)% (sample No.l) that is, slurry viscosity was set to 15 (dPas), the viscosity of a 
slurry was low, a carrier film, HAJIKI, and a liquid spill occurred, and coating was not able to be carried out finely. 
[0064] on the other hand - the amount of binders - 70wt(s)% (sample No. 12) - when it became above that is, slurry viscosity became 
more than 48 (dPas), and a bubble did not fall out from the slurry, but the pinhole occurred on the green sheet front face. 
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[0065] In addition, although not shown in a table, when slurry viscosity became high more than this, it becomes easy to solidify a 
binder and solidified by the vessel wall, and it was caught in the clearance between blades, slurry flow worsened, and it was checked 
that a muscle-like defect occurs in a green sheet. Furthermore, when slurry viscosity became high, it was hard and sheet molding was 
impossible. 

[0066] The amount of binders of the range in which the above thing to sheet molding is possible was 20 - 65wt% (sample No.2-1 1), 
and slurry viscosity was 20-45 (dPas). The good green sheet of the high quality which was smooth and was stabilized in which the ' 
range of the amount of binders is 30 - 50wt% (sample No.4-8), that is, the defect of a crack, a cracking crack, a pinhole, etc. does not 
have slurry viscosity in 25-36 (dPas) especially was obtained. 

[0067] To Table 3, the amount (other amounts of assistants are fixed) of a plasticizer was changed, and it evaluated about the viscosity 

and the sheet condition of a case to it. 

[0068] 



No. 


»*<g) 


(wt%) 




(wt%) 


(vt%) 


;*<wtx) 


(dPas) 


is- b 
ft© 




m 


100 


40 


2 


3 


1 


20 


29 


#i*i/ft_ 


X 


2 


100 


40 


3 


3 


1 


20 


30 


auto*** 


O 


3 


100 


40 


5 


3 


1 


20 


33 




.© 


4 


100 


40 


10 


3 


1 


20 


35 


>- h&# 


o 


5 


100 


40 


20 


3 


1 


20 


41 




© 


6 


100 


40 


30 


3 


1 


20 


53 




o 


7 


100 


40 


40 


3 


1 


20 


61 


saw*** 


o 


*-8 


100 


40 


42 


3 


1 


20 


65 


■ r 


X 



According to this, the plasticizer of slurry viscosity to add was as proper as 29 (dPas) at 2wt(s)% (sample No.l ), but flexibility was 
lost to the green sheet, when removing from a carrier film, it lengthened, and the crack occurred. 

[0069] On the other hand, in the place with as much plasticizer to add as [ 42wt(s)% (sample No. 8) ], 65 (dPas) was exceeded, and 
skillful **** did not fall out from the slurry, but the pinhole generated slurry viscosity on the green sheet front face. 
[0070] The plasticizer which adds the range in which the above thing to sheet molding is possible was 3 - 40wt% (sample No.2-7). 
Especially, the good green sheet of the high quality which was smooth and was stabilized without the defect of a crack, a cracking 
crack, a pinhole, etc. was obtained in 5 - 20wt% (sample No. 3-5). 

[0071] In Table 4, it evaluated about the viscosity and the sheet condition at the time of changing the amount (other amounts of 
assistants being fixed) of a dispersant. 

[0072] . . . 



No. 




<wt«) 




(wtt) 




7k (wtK) 


(dPas) 


ft* 


w m 


581 


100 


40 


5 


1 




20 


30 




X 


2 


100 


40 


5 


2 




20 


33 




O 


3 


100 


40 


5 


3 




20 


32 




o 


4 


100 


40 • 


5 


5 




20 


34 




® 


5 


100 


40 


5 


10 




20 


35 




o 


6 


100 


40 


5 


20 




20 


21 




o 


Sc7 


100 


40 


5 


22 




20 


18 




X 



According to this, at 1 wt% (sample No. 1 ), condensation took place [ the dispersant to add ] from the fall of the dispersion force of raw 
material powder during mixing, and the lump of the shape of a fine grain grain was generated on the green sheet front face after 
coating. In addition, in the part in which this aggregate tended to be caught in the clearance between blades (gage of a thickness setup), 
and such a foreign matter was caught, although not shown in a table, since a slurry did not flow, it was checked that a muscle-like 
defect occurs in a green sheet 
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[0073] On the other hand, the dispersant to add became [ slurry viscosity ] as low as 18 (dPas) at 22wt(s)% (sample No. 7), and a 
carrier film, HAJIKI, and a liquid spill occurred. 

[0074] The dispersant which adds the range in which the above thing to sheet molding is possible was 2 - 20wt% (sample No.2-6). 
Especially, the good green sheet of the high quality which was smooth and was stabilized without the defect of a crack, a cracking 
crack, a pinhole, etc. was obtained in 3 - 5wt% (sample No.3-4). 

[0075] In Table 5, it evaluated about the viscosity and the sheet condition at the time of changing the amount (other amounts of 
assistants being fixed) of a defoaming agent. 
[0076] 
Table 5] 



No. 




(wt%> 


(wt») 




Cwt%) 




(dPas) 


h 

ttft 


3 43f 


m 


100 


40 


5 


3 


0 


20 


33 


ft • f 


X 


2 


100 


40 


5 


3 


0.5 


20 


30 




O 


3 


100 


40 


5 


3 


1 


20 


31 




o 


4 


100 


40 


5 


3 


3 


20 


32 




o 


5 


100 


40 


5 


3 


4 


20 


31 




o 


6 


100 


40 


5 


3 


5 


20 


29 




o 


W 


100 


40 


5 


3 


6 


20 


21 




X 



According to this, % [ Owt] (sample No. 1), i.e., when not adding, air bubbles remained [ the defoaming agent to add ] into the slurry, 
and the pinhole occurred on the after [ coating ] green sheet front face. 

[0077] On the other hand, although the defoaming agent to add had slurry viscosity as proper as 21 (dPas) at 6wt(s)% (sample No.7), a 
carrier film, HAJIKI, and **** occurred. In addition, the oil component in a defoaming agent increases in a slurry in this case, it is 
checked that an oil film is formed, and it is not desirable. 

[0078] The defoaming agent which adds the range where sheet molding is possible and air bubbles do not exist from the above thing 
was 0.5 - 5wt% (sample No.2-6). Especially, in 1 wt% (No.3), the good green sheet of the high quality which was smooth and was 
stabilized without the defect of a crack, a cracking crack, a pinhole, etc. was obtained. 

[0079] In Table 6, it evaluated about the viscosity and the sheet condition at the time of changing the amount (other amounts of 
assistants being fixed) of water. 
0080] 
[Table 6] 



No. 




(wt%) 


Urt*> 




(wt» 




(dPas) 




3 ffl 


m 


100 


40 


5 


3 




8 


47 




X 


2 


100 


40 


5 


3 




10 


45 




O 


3 


100 


40 


5 


3 




13 


42 




o 


4 


100 


40 


5 


3 




15 


38 




o 


5 


100 


40 


5 


3 




17 


36 


is— h«TlB 


o 


6 


100 


40 


5 


3 




18 


35 


>- f> 


® 


7 


100 


40 


5 


3 




20 


33 


&& 




8 


100 


40 


5 


3 




22 


30 




® 


9 


100 


40 


5 


3 




23 


28 


nr* 


o 


10 


100 


40 


5 


3 




25 


25 


b -aim 


o 


11 


100 


40 


5 


3 




27 


23 




o 


12 


100 


40 


5 


3 




30 


20 




o 


m3 


100 


40 


5 


3 




32 


15 




X 



According to this, the water to add becomes [ slurry viscosity ] as high as 47 (dPas) at 8wt(s)% (sample No.l), skillful **** does not 
fall out from a slurry, and a pinhole generates and is not desirable on a green sheet front face. 

[008 1 ] Furthermore, when there was little moisture, it was easy to solidify a binder by the vessel wall by evaporation of water, and the 
solid etc. was caught in the clearance between blades, and it was checked that a muscle-like defect occurs in a green sheet. 
Furthermore, when viscosity became high more than this, it was hard and sheet molding was impossible. 

[0082] On the other hand, the water to add became [ slurry viscosity ] as low as 1 5 (dPas) at 32wt(s)% (sample No. 1 3), and a carrier 
film, HAJIKI, and a liquid spill occurred. The water which adds the range in which the above thing to sheet molding is possible was 
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1 0 - 30wt% (sample No.2- 1 2). In 1 8 - 22wt% (sample No.6-8), the good green sheet of the high quality which was smooth and was 
stabilized without the defect of a crack, a cracking crack, a pinhole, etc. was obtained especially. 

[0083] In addition, with the above-mentioned example, although the mixture of an acrylic polymer and polyvinyl alcohol was used as 
a water-soluble binder, even when it was respectively independent, the good result was obtained. 
[0084] Next, the manufacture conditions of a green sheet were examined in Table 7. 
[0085] 



Sao. 

*«= 

No. 








#325 






3? ffi 


ft* 






m 


WO 








wo 


W0 


wo 




X 




WD 


wo 








W0 


W0 


wo 


X 




#0 


wo 


W0 




Ml 


teu 


WD 


ft 


X 


4 


W0 


wo 


W0 


W0 


Mb 


ML 






® 



According to this, it generates [ manufacture condition No. 1 / air bubbles and a lump ] a slurry and a sheet condition only in ball mill 
mixing (high-speed rotation: 60rpm) and is not desirable. 

[0086] Next, although a big bubble will disappear in manufacture condition No.2 if it processes by low-speed rotation mixing (30rpm) 
after ball mill mixing (high-speed rotation: 60rpm), some micro bubble still exists and a sheet condition is not desirable, either. 
[0087] Next, although it is effective in a micro bubble disappearing completely by processing by low-speed rotation mixing (30rpm) 
after ball mill mixing (high-speed rotation: 60rpm), and processing with a centrifugal-force mold vacuum mixing degassing machine 
further in manufacture condition No.3, the lump of the shape of a fine grain grain still exists a little, and is not desirable. 
[0088] However, in manufacture condition No.4, after processing by low-speed rotation mixing (30rpm) after ball mill mixing (high- 
speed rotation: 60rpm) and processing with a centrifugal-force mold vacuum mixing degassing machine subsequently, by passing a 
sieve (325 meshes), the lump of a micro bubble and the shape of a fine grain grain completely died, and the quality and good green 
sheet was obtained. In addition, although 325 meshes were used in the example, it is possible to carry out sequential change of the 
magnitude of a mesh with viscosity. 

[0089] From the above thing, distributed processing was performed by high-speed rotation (60rpm) with the ball mill, subsequently it 
processed by the centrifugal -force mold vacuum mixing degassing approach by subsequently suppressing foaming by low-speed 
rotation (30rpm) using the slurry within the limits, and the good green sheet of the high quality which was smooth and was stabilized 
without the defect of a crack, a cracking crack, a pinhole, etc. was obtained by passing a screen after that. 
[0090] In Table 8, it evaluated about the drying temperature and the coating conditions of a green sheet. (Refer to drawing 1 ) 
Table 8] 



No. 


ft I * # CC) 


And 

(2 a) 
TJU5. 




f±9)04£ 




2e 


2d 


2c 


2b 


2a 


tt'pv 


Cu,Al. 


m 


25 


25 


25 


46 


48 


WO 




C u 


X 






C u 


X 


2 


31 


40 


45 


48 


50 


W0 




C u 


O 


«L 




C u 


X 


3 


31 


44 


54 


56 


58 


W0 




Cu 


© 






Cu 


X 


m 


43 


51 


60 


63 


66 


WO 




Cu 


X 


<SL 




C u 


X 


5K5 


31 


35 


63 


50 


50 


WO 




Cu 


X 






Cu 


X 



According to this, in sample No. 1 , in a temperature setup of inlet-port section 2a (48 degrees C) and outlet section 2e (25 degrees C), 
the crack and the cracking crack occurred irrespective of the existence of the aluminum heat sink 5, and the temperature in drying 
room was not desirable. 

[0091] Moreover, in sample No.2, in a temperature setup of inlet-port section 2a (50 degrees C), pars intermedia 2c (45 degrees C), 
and outlet section 2e (3 1 degrees C), the big difference according [ the temperature in drying room ] to the aluminum heat sink 5 arose, 
a crack and a cracking crack were not with the aluminum heat sink 5, and it was very good. However, the crack and the cracking crack 
occurred without the aluminum heat sink 5, and it was not desirable. 

[0092] Moreover, in sample No.3, there was no temperature in drying room at a temperature setup of inlet-port section 2a (58 degrees 
C), pars intermedia 2c (54 degrees C), and outlet section 2e (3 1 degrees C), a crack and a cracking crack were not with the aluminum 
heat sink 5, and it was very good. 

[0093] That is, as shown in drawing 2 , hot blast hot by forming the heat sink 5 of aluminum is changed into the nichrome wire heater 
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4 at 58-degree C radiant heat, and a slurry can be dried, without generating a crack, a cracking crack, etc. from a center section. 
Moreover, a part of hot blast flowed in order to 2b from 2a of a dry room, and 2c, 2d and 2e, reducing the temperature gradually, and 
the good green sheet 7 of the high quality which was smooth and was stabilized without the defect of a crack, a cracking crack, a 
pinhole, etc. was obtained in 2e. 

[0094] Moreover, in sample No.4, the crack and the cracking crack occurred in spite of those with the aluminum heat sink 5 in a 
temperature setup with the very as high temperature in drying room as inlet-port section 2a (66 degrees C) and outlet section 2e (43 
degrees C). 

[0095] Moreover, in sample No.5, the temperature in drying room occurs [ since the temperature of pars intermedia 2c is as high as 63 
degrees C in spite of those with the aluminum heat sink 5 / a crack and a cracking crack ] in a temperature setup of inlet-port section 
2a (50 degrees C), pars intermedia 2c (63 degrees C), and outlet section 2e (3 1 degrees C), and was not desirable. 
[0096] From the above thing, by setting the nichrome wire heater 4 and the aluminum heat sink 5 as the inlet-port section, i.e., 2a 
sections, of a slurry, making flow of a wind into the one direction from inlet-port section 2a to outlet section 2e, and reducing' 
temperature gradually The temperature of inlet-port section 2a in drying room so that clearly also from the above-mentioned contents 
Namely, 50-60 degrees C, It occurs [ a crack and a cracking crack ] at the high temperature at which center-section 2c exceeds 60 
degrees C and was not desirable like [ it is desirable, for example, ] sample No.5 to have set the temperature of 30-60 degrees C and 
outlet section 2e as a 30-40-degree C temperature gradient for the temperature of pars intermedia 2c. 

[0097] In addition, although the copper quality of the material which prepared two or more ventilating holes as a diaphragm was used 
as shown in Table 8, the good result was similarly obtained about other aluminum and stainless steel. Moreover, the diaphragm 
consists of aluminum, copper, and one of stainless metal plates, thereby, can change heat conduction and can adjust a rate of drying 
and drying temperature. Furthermore, although not indicated here, in the thing which does not have a hole in a diaphragm, or the thing 
without a diaphragm, it was the result which is not desirable. 

[0098] As especially shown in drawing 3 - drawing 6 , these metal diaphragms 3 (a, b, c, d) are made of the plate of the metal which 
has two or more ventilating holes and magnitude (path), and temperature and airflow can be adjusted because hot blast passes these 
ventilating holes. Moreover, a part of hot blast was flowing in order to 2b from outlet section 2e, i.e., 2a of drying room, from inlet- 
port section 2a of a slurry, and 2c, 2d and 2e, and the good green sheet 7 of high quality was obtained in the optimal condition at 2e, 
reducing the temperature gradually. 

[0099] From the above thing, the nichrome wire heater 4 is formed in drying-room 2a in the desiccation approach of a green sheet. 
Flow of hot blast is made into the one direction through which outlet section 2e Pass from inlet-port section 2a (it is the right -> left in 
drawing 1 ). By moreover, the thing for which the heat sink 5 of aluminum is formed in the nichrome wire heater 4, and the aluminum 
which has two or more ventilating holes, copper, and one of the stainless metal plates 3 (a, b, c, d) is used for a diaphragm The good 
green sheet of the high quality which was smooth and was stabilized without the defect of a crack, a cracking crack, a pinhole, etc. was 
able to be obtained. 
[0100] 

[Effect of the Invention] According to this invention, the effective effectiveness that the good green sheet of the high quality which 
was smooth and was stabilized without the defect of a crack, a cracking crack, a pinhole, etc. is obtained is acquired as mentioned 
above by selection of the mean particle diameter of ceramic raw material powder, and adjustment of slurry viscosity. 
[0101] Moreover, in molding of a green sheet, as the adjustment approach of viscosity, it processes by high-speed rotation mixing and 
low-speed rotation mixing, and the effective effectiveness which removes powdered distribution and the bubble in a slurry, a foreign 
matter, and a lump is acquired by giving a series of down stream processing of centrifugal-force mold stirring degassing processing 
and screen processing further. 

[0102] By using water as a solvent, moreover, as desiccation of a green sheet The diaphragm which has an aluminum heat sink, two or 
more drying room, and two or more ventilating holes is formed. Furthermore, generating of a crack is canceled by giving a series of 
processes of establishing the temperature gradient as which desiccation was determined between the paths of the inlet-port section to 
the outlet section of a slurry. A good green sheet can be manufactured, thickness is uniform, it is thin and the effective effectiveness of 
obtaining easily the good green sheet of the high quality which was smooth and was stabilized without the defect of a crack, a cracking 
crack, a pinhole, etc. is acquired. 

[0103] And since the ceramics of a uniform presentation with a fine crystal grain child can be obtained by these things, it is small and 
ceramic electronic parts, such as a Media Interface Connector substrate, a laminated circuit board, etc. which have the outstanding 
property with a high precision, can be made. 

[01 04] Thus, by using a water-soluble binder, an explosion proof becomes unnecessary at a manufacturing facility, the green sheet of a 
thin layer can be fertilized at cheap cost, and the advantageous effectiveness that ceramic electronic parts, such as low-pricing, a 
miniaturization, thin-shape-izing, and a highly reliable Media Interface Connector substrate, can be manufactured is acquired. 
[0105] Especially a green sheet uses water as a solvent, since the binder component is also using the water-soluble thing, the 
dissolution tends to carry out it, it can reuse, and industrial utility value is very large, the manufacture yield can be raised and the 
advantageous effectiveness that low cost-ization of ceramic electronic parts can be attained is acquired. 



[Translation done.] 
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* NOTICES ♦ 

JPO and NCIPZ are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 




[Translation done.] 
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(57)Abstract 

PROBLEM TO BE SOLVED: To obtain a smooth and stable, high- 
quality ceramic green sheet with uniform and thin thickness, free 
from defects such as cracks, fissures and pinholes and useful for 
electronic parts by using water as solvent without causing cracks 
during its drying. 

SOLUTION: This high-quality ceramic green sheet 7 is produced by 
the following process: first, a ceramic slurry comprising a water- 
soluble binder, plasticizer, dispersant, defoaming agent, ceramic 
material powder and water is prepared; from the slurry, a t 

microbubble-free slurry 6 is extracted by using a centrifugal-type ^ V J* 

vacuum agitation deaerator and then made into a sheet form; « I i% 1 el FT* I 

subsequently, using doctor blade method, radiant heat from a heat- * | ! 

radiative aluminum plate 5 is concentrated at the central part of the 
sheet on the entrance 2a of a drying chamber to dry the sheet from 
its central part by the aid of a plurality of partition plates 3 (a, b, c, 
d) each provided with draft holes, and hot air flow is rendered 
unidirectional from the entrance 2a to the exit 2e for the slurry so 
as to gradually drop the temperature of the hot air and thereby the 
sheet is dried, thus forming the objective green sheet 7 free from 
defects including cracks, fissures and pinholes. 
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©&IHKy;u$8c?^£aftSU ^-ciigtfifcw-fs 
^©ftwo««cj:9t^i©faia^*i3:w. mriessfli 

^©SSai* 9 •; -©AP8P*> e. IHPSlCjWtT, AP 

•c. HJP6B©$agf # 3 0-40 -cwjas^KK^s s ti 
[swobs] #«©tt<w9i£{E*H>T. uriefwis 

ttT^S. S3, ^^>U^©l«S/c«2atLh?5»6fiJ 

*g©y y ->->- h©Sit^. 

[BHOIIIII&ttH] 
[000 1 ] 

©m i c C7 4t>ummw&) ^a-fe^ s ? 

»*Xrcy*$r-. 8HBEES*?-. SHl^^-O^* 
2acxy>;->^-h©S8JS^a«: 

Hf-5fe©-C*5. 
[0 0 0 2] 

ft. *S8M:£B*fcti>. S^@KS«i LT\ 7JV5 

[0003] Mtc. wm.<D$>mB$tm&-t l-c. * 



(2) #112 0 00-3 3597 1 

2 

[0 00 4] cn<=>©. yy-vs'-n*. ^iiur 

0 . -tz 9 S * * *»3fc W^9^tmKC*0S8J©!g 
MS ft*. 

[ 0 0 0 5 ] Hr5> 5 7 2X®7tit LTti. S*$ttl£ L 

20 SII©^9xt&^ASmi^©f6©j»6iSia*©#J**S 
*??9~*MH*s*J&3ti. C©ffiIi©Slf!li 

[0 00 6] C0£9tt£*0*a*BHftSt> 

30 [0007] ifi^. St^rf Sfe©®*>6 4>W«jS3W*«[ffl 

i@siicc©*^fg^5a»©w«^^*m{c#i?.-c. * 

h*a^-r-ss»©Bi**Jjt»6*irc»*. 
[0 00 8] l*=>u. c©*=&^sii4-rss««. 

y;->^-h©f«jgRF©x9 y -©^^«:*jt» 

40 ^itttst'-c, s/- h©jsn^isjic»n*«^i;s<. se 
j^t=©a«iK: «t o fan. mgnfois- ^ 

[0 00 9] s/t. **^s«<!:L-t:^ffl-rsyy->-> 
syi"j->->- hsgSKwrsft 

$tttff£l/-C. Miltf. #P§¥2-307 8 6 1 ^St 

#S¥5 - 3 1 9 8 9 3#<2f$g, #g§¥8 - 3 1 0 
8 7 0^#. #K^F9 - 2 9 7 1 8#S*«CCgEtt3 

[0 0 10] 

50 [XH4«ifel/J:9 JJBtC 



3 

PS^Stlfc. - 3 1 9 8 9 3-^&$B(C&oT 

2fi*swfflja5<t •) ip < & * <t 5 {cf8ta<Ds&* mot * 

[0011] LfrLUifih. 'U>¥-tfim{t?i>miP 
[0012] £/c. fJi&$PSi¥8 - 3 1 0 8 7 0-s|&fg 
[0 0 13] Vir>l>tzifi*>> Cti^<D^-C\mWim 

[ooi4]*/t. «ria#ia¥9 -2971 8#^sk 
ei/#-;i/^©$tfB©fet>8S©yy-> 

[0 0 15] b*>L.fc#6v ^<!:^r*?§f4Ti"J^ 

ft. 

[0 0 1 6 ] */c. ±E£«UC4 1ft 

©*©»«^JE«:«J:S©*®(i^>«fc6s#ftb. Sfc. 3 
*nttfi©Sg£(c«fcSfc->*-Jl<#s?¥&U SSSfty 

[0 0 17]*«. #R!!B©@*Jfc. 1?Jj*L/cJ:5fc 
fi65fefi^©WHj^%i!?*l/. **»W&b-c«B-r** 
W.l'fe?? ^^^*";->^-h©i?^^ffi{c*jt> 

[0018] ^©*§HI. RMI*(CWI. 
[0 0 19] 

[«s*#fc-r*fc«>©#&] iEB»4a«t4fcj& 



(3) #132000-335971 

4 

*^©^^SP D a offi-fe7 2 7 >)-W8%l 
*^tt^M>^-. BlfflJH. 4HMM. ffl88l. 7k 

[o 020] *t/c. cti6%ffli.>fcy'J->^-h© 
tfES:£&K:*H>-ctt. ttS©fs^^SiL/r»a@i£!g 

10 ne»^ffii or. ss*©jiia?i*w-rs£ig«t 
*Rwfc*a»s. Etc. ^7'j-©APap*>6apBP© 

flMME*IWLfc^*All>*C&<<:J:9. 7kSi©jg8J 

t train. b->*-ji^©$tfg©fct,>-spi#-c. B. 

- h *M&-r •£ C £ « HIBtc Lfc *>©•?*> s. 
[0 02 1 ] 

[»38©^tt©^J«] *«W©»*3S 1 fCEtt©»8 
20 «. ^Jfeft-^StfO. 1~1. 5 um©iSHF«35C*4-b 

0~65wt%. oIMa93->-4 0wt%. ^tWRI2~2 
Owt%. r^SlO. 5-5wt%, *10-30wt 
%©«5fflF ( ia>6JiS') . ■b7S?*^7'J-ttg#20 
-4 5 ( d P a s ) ©ffiHrtJCPSSnfcm^PiPdffl-tz 
^3 v^^^^y-fflfiJ^fcjrO^fiESnfcfc©^ ¥ 
±^^S* S 0 . 1 — 1. 5 /im©ilrt©-fe7 S 

[0 0 22]*fc, 3E*e.n/t*HW©*aH4A^>^ 

[o 0 2 3 ] *fc % m&hftitmmno*iwffl&. w& 
^^©^^^^©^bias^Tif^atJA 1 * 0 . 

[oo2 4]*fc, 3efe6nfc©Hrt©^t!:s>j«. p h 

40 W^«3tt*fOT#**. 

[0 025] *fc. 3E«>6nfc«Hrt©tgjaS'J». 7k- 
©»-W«*m-c©S%rB-rfPfflJ»S*J*«. 

[0 0 2 6] $/t. Sfe^tlfcffiHrtCTkS*. C*l6© 

[0 027] f 6T. -b^ i -;?7^7U-©S!ie?:sa 
cc. Sfc. SHa. msf. tr>*-;i^©^Btt<fifeX-r 

s/c«{>©fBSitt©ss<t©ffffl*^-r-5. cne.©s^ 

50 ©^#«r^trilSSnft:^-5»J-K:T-5Ctr. 7k^© 



5 

[0028] *gm<on>£lM2 K32iS©2S9itt. *&t* 

3fi#y^-. £/tB, iifJt-;W3-j^ffll>5C 
£Kif3#Ji£i**vtefc©-C , 7 * y**#y v-tt. 7k 

[0029] &*S. R&<Dmm*> #«cm^S|! n 0 D fflH27 

?jrtC/N*t>. -329. iT^^tt©— ot?*5Q (1/t 
[0030] # 'J Ka*7*a-*B, 

-r £ t > ^ rem 4 wr a . 

[003 1 ] Cft6*igtt'W>^-£flllr>SC<!:r. 

^y->^-h^fg-ciee>^<. snn^©^is&< . 

[0032] 3|E^©it^a3 tcSB«©^W«, S^SB 
Sit? 5 » CtJH>-C. ttSPISi 

l/T. S*UfC4 0 — 8 0 r p m©ffiHrt©SfSlHlfe?l^- 
•C^K&a^lSL. 1 0~3 8 r pmOffifflrt 

[0033] ^cci-c. «^liME^r*#&TS*?irr?l3 

5. 

[0034] zt\i?-m>mmj:m>s:M*cticj:-? 
r. mgL t train. b->*-;i-3?©XPi©&c>?£.P D s 

[0035] #fg?U©iil5fc:>14 tCiE$4©fS6BJJ«. *3%© 

ta^acD^n*^^ y -©Aasi5*>€.ffipse©— 
APSHs^apsMcM-rc. Apsu©as*i5 o~6 0 

•C. *HSB©Sft36S3 0-6 0*C. fflPgB<Dfi&**3 0 
-4 0 ^©iggSJEfcfSfcitfcXiflK: «fc «5 »lS § ftfcfc 
©-C. 8<iJ&©^n£;*7y-APgP*6HO^£— * 

raise LtcmmsHamxT * sMfi^aat 5 c <t 
«. $yn©Ea£®w. fa^K«t^^©Gaf?M*i* 
■5. ^oftm^ifo*m?zmm<»mMm$:Wt. 



(4) #i§ 2000-335971 

6 

W. |g«g©iae[«JE€r^fc-l±*Ci{cJ:0yy->i'- 
[0036] *^S©^3S5 tcia4S©^«. £JI© 

tjh. m, ^f>i/^§iu5ciB, y y->5>- 

10 [003 7] «±© J: 5 (C. ^ftqUQAtttt't-r 

^is^so^^ffltfcyy-^^- htctb^ TmnviM 
sat. mmmm^mmommmm. AW^®§mm<D± 
T©nms*:8?&-c#s. 

[ 0 0 3 8 3 mm&-ec>mmv>®ti. mm. 

m&x-$Z. c©c<fcfc:J;9. feSL ktun. tr>* 
-;l^©:XfiS©&l>¥?t-C. E.o&gUfcXAJttt*".; 

20 [003 9] fcTF. *^?§©*JficD^SItC-Pli-CEI 1 - 
06&tfm~^8£/BU-Cl&lpjTS. ftte. . 3U~ 
£l8 5CifH>T©Btt©SI&{flfcB*ffl=&tt#U Sfc. 

nw©^ objl xtt^m^ssfrr*. 

[ 0 0 4 0 ] 19 1 «— SfeSSCWgSgKteW* P**-:^ 
- K£Sg©£#S£^T. HlCCfiH>T2 (a. b. 
c. d. e)«. ^y->S/- K^^KfgjSTSfcai) 

5. mm**?) 

30 3 (a. b. c. d, ) B. 8&£g**£ffci*-t* 

[0 04 1] 4BT^3fifc?affi*^aK:J:i3iStc 

[0042]*fc. 5tt&£H!*8&{CJ:0£ii-rS6© 
[0043] Slfc. BiJX? 1 ;-, 7«yj->->-V 

40 [0044] 8«yy->->-h*at<. ^— tc 

[0045] Sfc. 9«^y->->-h*»<. — CC 

[0046]$/t. x^y -ttffi*jfi«i«cfiffirtu:SBS 
50 2 a4jiy. 2 b. 2 c. 2d. 2 e t'&* 



(5) «fK 2000-335971 

7 8 

S„ */c. ^H<D— SPttf±«J*)«3 a. 3 b. 3 c. 3 {C/H,»y V <Di$^%mm<D , K*'P*&KWl 

d*ilil6. S£*lMrt2a. 2b. 2c. 2d. 2e£ WiCiKiOm teg«ft. t?>*-*«OKffi<D 

^©-*|6j-ifi&laS. [005 1 ] 

[00481 02B-*teO^«S(c*sW5 K5»* -^U [**60l] *^{c4s^S^*WC0-mWift 

-K^*©ISjt^2aa50T^5S3»fi©l!ycBfilS XO WTS. 

02«Cfcl»-C. 5«-^aA^t-3r-43!P6 [ 0 0 5 2 ] §1*609 1 

[0049] 03~S6B— *fS©fl5!S8fc:fcW--5 F** [ 0 0 5 3 ] tZJa&K . m^Fmhm^v 5 ? £>XJSK*t&;£ 

-^u-Fi^©&$£*si^rt*f±i?j*^{±tt«p«3 ©t^s©®*;*. ffD^tor. «*.«. 

(a. b, c. d) ©ffi^Brffi0**-r. 03~S6JC y ? ^©ffmtttm^ffil*. #-;PS;V. 7F5^f 

JH>T. 3 a. 3b t 3 c. 3 dtt*MSg¥£^ti*tf ^£JBl>T-:&*«* U •€•©&. * 

u^oft^jo^e^snr^s. [005 4] ccr. *^-cffiffl-rsMW^©¥^ 

[ 0 0 5 0 ] ±13©— 0Ut?». «»©jl®?l=&*r 20 &T-S<t^*a%«OT«fefSS-a/cH2 7 5 v?x<Dgmm 

-^U- Fa%^bfc*. -e-©ffi©a-;l/3-^a. »; [0 05 5] 



No. 


<;im) 


m & m m o « n 


(X 1 0 00> 


R a 
m) 


§¥ tifi 




1. 6 — 5. 0 


©^©jestt-f *qasBT. 1 0 






0.7 


X 


2 


X. 0— I. 5 








0.4 


0 


3 


O. 5 — 1. 0 






0.2 


® 














4 


O. 1—0. 5 






0.3 


0 














3K5 


0. l*itt 






0.6 


X 



^ai (neftNo. i) «:&^<t. «s*s&©h*©*s 

Htfc^-tfSffljrc. 1 0 ymJ£Lt©fc©#??fiU b*>jf: 
WV*i^-T-&. JtfciMK. 0. 1 y m*ii (SSiftN 
o. 5> l&^S«*i@C»3a< . ©3K©^tSt^S 

[0056] StoT, ftfflT 5t&5fc©¥*S*B^as0 . 
1 — 1. 5 ym©©HF*9 (SflBNo. 2-4)tc*-5M 

AsemELiZ^m&n* (^EtaSRa : 0. 4nmK 



T> ^S^^iSCWtSfc. #(Cj»tNo. 
3©JSf4^5S©W8i^S*i0. 5~1. 0©K«-C 

SMfflSttfta : 0. 2 um£f 1/<'M<. $ 

[0 05 7] #tc. ±IBfEtE©-fe-5 5 
*fL/. *jgft'W>#- (T2";JWB*y-7-5 0% : 

SO. **frS©tt^-C^-^5^«:fflL»«aiHl«j@^-C 



tc.&. m&xmm^wm&m-e 10 &mwML, 

tc. 

[0058] mmvi2 

9-rf\s- F&) tc-^TtftHJlT*. 
[0059] ±12© J: MC*-? y-tte*ss*©fflrt 
KIBSS titcX 5'J-401 tc^T «fc 5 * F 9 9 P 
- FiSgtCT&IT S„ *©#8;tt. 0 1 +©* 5U- 
64^U- K8i=f+'J77^ JVA9{Ci:9*£— fcJI* 

b. 2 c. 2d. 2 e i^KffcSStv 9')->U- 
F7K1&S. 

[0060] -t©^ 2/- F©jffirr^w±iS)n^© 

7A'5 8lfSk : &5K:?>t&ttWSC£tC<J:9. fc^fcHStiBl 
L-C. il!Ua©-^34t<2J»3«3 a. 3 b. 3 c. 3d©* 



(6) fflffi 2000-335971 

10 

*ffl»li©5t*jlilb. f£jl®^32a. 2b. 2 c. 2 
d. 2 e£®*Kja&*eT3-efc#kSiaU ADSB 

[006 1 ] C C-C. *5 'J-g&S£©gU-£tt, 
S*10. 5~1. 0 um<Dlimi&3il 0 OtCStL-C. ^ 
^>^-15~-70wt%. oJ^W2-4 2wt^. » 
gSSFa 1 ~2 2w t%. ?8*SSflO~6wt%. *8~32 
wt%©fi5Hrt-C^ftS-lt^7U-*f^Lfc. (Sljfe 
Micd^i j->s/- h{fe£*)HK:Seo/c. ) ifctc. * + 
10 1/77 -f )\> A±iC&JLX bT- F# 6 — 8 c m/#T&I 
L. El©f£*iM2a (5 8*C) . 2 b (5 6*C) . 2 
c (5 4-C) . 2d (44-C) , 2 e (3 1'C) ©fflS 

■?W9iUtc9v->i<'-\-<Dm;mtfm*mmLtc. en 

6©«SJJI*SI2~8fc:SVr. 

[0062] t2K«. (ffe©fitfi»JSB- 
*^ft§-«*fc«^©ttg. hMttCv^X 

[0063] 
[312] 



No. 




<wt«) 




amy 

C«t*> 






(dPas) 


>-> 


3 A 


m 


100 


15 


5 


3 




20 


15 




X 


2 


100 


20 


5 


3 




20 


20 




O 


3 


100 


25 


5 


3 




20 


23 




o 


4 


100 


30 


5 


3 




20 


25 




® 


5 


100 


35 


5 


3 




20 


28 




® 


6 


100 


40 


5 


3 




20 


30 






7 


100 


45 


5 


3 




20 


33 




® 


8 


100 


50 


5 


3 




20 


36 




© 


9 


100 


55 


5 


3 




20 


39 




o 


10 


100 


60 


5 


3 




20 


42 




o 


11 


100 


65 


5 


3 




20 


45 




o 


5*12 


100 


70 


5 


3 




20 


48 


a • f 


X 



1) "C«, ogi). A^V-te&ifil 5 (dPa s) £ 

[0064]-^ rtj>#—m#7 Ow t% (l$f4N 
o. 1 2) J«_LK:ft<5<h. -3>29, X^U-tt&#4 8 

(dPa s ) jBLWcat), y-a>6?a#Jgttr. y 

[0065 ] fcte. 3l&t«^LTOftl,>#, *5V-tt 



zct&vmztitt. *tcmc % x^y-tts^<ft 

;>V>#-m#2 0-6 5 w t% (|#ftNo. 2- 
lD-C, ^7V-ttS(i2 0-4 5 (dPas)t!* 



11 



o. 4-8) ©ffiH^ og9*^y~i4®#2 5-3 
6 (dPas) <Dffiffl-CfcJ\ feSL ttrgjft, fcT>#- 



(7) 2000-335971 

12 

[006 8] 
[*3] 



No. 


©*<g) 


(wt*) 


vims* 

(wtSO 


fort*) 






was 

(dP&s) 








100 


40 


0 
<t 






20 


29 




x 


2 


100 


40 


3 


3 




20 


30 




o 


3 


100 


40 


5 


3 




20 


33 




® 


4 


100 


40 


10 


3 




20 


35 




© 


5 


100 


40 


20 


3 




20 


41 


MU!f 


® 


6 


100 


40 


30 


3 




20 


53 




o 


7 


100 


40 


40 


3 




20 


61 




o 


^8 


100 


40 


42 


3 j 




20 


65 




X 



1)-C«. ^7';-ttStt2 9 ( d P a s ) iiSlEr* 

too69] — js. jjsjnrr &mtwi4 2 w t % <tm 

No. 8) i^C»WCB. ^5'J-ttS»6 5 (dPa 

s ) . * =7 V - * e,±# < r. 

[0070] J£i±<DC t/- hJSSSHilfgSrfffl 

tt.'aSftrT •SpJ^PI*«3 -40 wt% <5t*4No. 2-585 



* 7) -CS>-z,fc. 5-2 Owt% (KftNo. 3 — 

5)©ffiB-c, ftS. ttrsun. b*>*-^©^<D 

[007 1 1S4KB, tfgEj&IOS (ffeOg&S'JSt:*- 

30 [0072] 
[*4] 



No. 




<wt*> 


(vtX) 








(dPas) 


tttt 


w w 




100 


40 


5 


1 




20 


30 




X 


2 


100 


40 


5 


2 




20 


33 




O 


3 


100 


40 


.5 


3 




20 


32 




® 


4 


100 


40 ' 


5 


5 




20 


34 




® 


5 


100 


40 


5 


10 




20 


35 




o 


6 


100 


40 


5 


20 




20 


21 




o 


«7 


100 


40 


5 


22 




20 


IS 




X 



13 

[0073] -^r. ®mTzfmm&2 2vft% <sm 

No. 7) !/-ttffi*sl 8 (dPas) iffi 

[0074] J£Lt©C f- hJiKSnJte&IBffl 

tj. ^»^-&#tw?5**2~2 0wt% <smNo. 2~ 

6) T*-3/c. *SJC. 3~5wt% (WNo. 3~ i 



(8) ^200 0-3 35 97 1 

14 

* 4> ©ffiffl-c. mm. ttrsan. f :>*-jufts©;KK§© 

[0075] 3*5(C{i x rS^iJOS «6©B6SilStt— 

[0076] 
C*5] 



No. 




(wtH) 




Cwt%) 






(dPas) 




» m 


m 


100 


40 


5 


3 


0 


20 


33 




X 


2 


100 


40 


5 


3 


0.5 


20 


30 




O 


3 


100 


40 


5 


3 


I 


20 


31 




© 


4 


100 


40 


5 


3 


3 


20 


32 




o 


5 


100 


40 


5 


3 


4 


20 


31 


SEUfefcU 


o 


6 


100 


40 


5 


3 


5 


20 


29 




o 


^7 


100 


40 


5 


3 


6 


20 


21 




X 



[0077] fflirr &MiBffUX6 w t % (S84N 
o. 7) TB, ^7';-ttS*i2 1 (dPas) <b^iE 

[O0 7 8]«±(DCi*^ i'-hfi^ojeE-C^a^ 



5«??ffiL«:i,>i6H{i. asjn-r-smfaso^o. 5~5wt% 

(HC&No. 2-6) -C*^fc. WC, lwtX (N 

o. 3) K$H>rti. &sl tt«ft. tr>*-jWKD 
ftso&owc. j.o^L/fcSf D a a fl©^»<c^y- 

[0079] SE6(C«, *©S (f6©SW<Jg«— S) £ 

fc. 

[0 08 0] 
30 [*8] 



No. 






{rt%> 




(vt%) 






s/— * 


3 fl5 


Kl 


100 


40 


5 


3 




8 


47 




X 


2 


100 


40 


5 


3 




10 


45 




O 


3 


100 


40 


5 


3 




13 


42 




o 


4 


100 


40 


5 


3 




15 


38 




o 


5 


100 


40 


5 


3 




17 


36 




o 


6 


100 


40 


5 


3 




18 


35 




© 


7 


100 


40 


5 


3 




20 


33 




© 


8 


100 


40 


5 


3 




22 


30 




© 


9 


100 


40 


5 


3 




23 


28 




o 


10 


100 


40 


5 


3 




25 


25 




o 


11 


100 


40 


5 


3 




27 


23 




o 


! 12 


100 


40 


5 


3 




30 


20 




o 


M13 


100 


40 


5 


3 




32 


15 




X 



15 

cti(t£Zt. i&m?2>yk&8 w t% (gst&No. i) 
TO. X5U-ttg#4 7 (dPas) £B<ft9, X 

[0 08 1 ] JEK. Tk^^i^Tko^^^^gS 

[0 082]-^ ^JJDTS*#3 2wt% (KftN 
o. 13)m X7';-tiB*si5 (dPas) ifi 
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*-T^7k^l 0-30wt% (f$ftNo. 2-12) 

«FtC 1 8-2 2wt% (S«*4No. 6-8><Dffi 

[0083] ±I2<E>-09TO. *»tt/<-f>^- 

io mc-D^xmtLft 0 

[0 08 5] 
[^7] 



No. 








#325 






«nwtto 








m 
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